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INTERNAL COMBUSTION ENGINE 



This invention is an improvement to patent application number (GB) 0328471 .8 filed on 
9* December 2003. This invention relates to spark ignited reciprocating internal 
combustion engines. 

In particular it relates to lean-burn reciprocating engines, capable of operating at part load 
without using a throttle valve. It uses fuel injection into an indirect combustion chamber. 
The invention can be applied to both four stroke and two stroke engine cycles. 
It is suitable for use in automotive applications with gasoline fuel. 

Some internal combustion engines can be classified as spark ignited lean-burn engines. 
Reciprocating piston engines of this type can operate with lean overall air fuel ratios at 
part load. The air fuel ratio calculated overall is larger than chemically correct, (the 
stoichiometric ratio), and if it were allowed to mix fuel and air to form a homogeneous 
mixture overall it would be difficult or impossible to ignite it by a spark. To operate 
successfully such engines avoid a homogeneous mixture at part load by deliberately 
stratifying air fuel mixtures into richer and leaner zones. Various methods are used to 
ensure that the spark plug is located in a position where some of the air fuel mixture 
allows spark ignition to be effective. 

Lean-burn engines can achieve an improved thermal efficiency at part loads by avoiding 
the need to throttle the air intake and also by reducing heat loss soon after the combustion 
process since the products of combustion are cooled when mixed with excess air. 

Some methods used so far to promote lean-burn in spark ignition reciprocating engines 
are not wholly satisfactory. 

This invention seeks to provide an improved lean-burn internal combustion engine with a 
potential to promote reliable spark ignition and stable combustion. Accordingly, this 
invention provides an internal combustion engine comprising: 



-3- 




The term air is used herein to describe air which is either pure or contains other gases 
such as products of combustion, (which may be recirculated into the cylinder during the 
induction stroke), or even hydrocarbon gases but is not ignitable by the spark ignition 
means used in the engine. The term mixture describes air mixed with vaporised fuel that 
is ignitable and is destined for combustion. The term lean mixture is used herein to 
describe gas that is not ignitable by the spark ignition means used in the engine. The term 
gas is used to describe either air or any mixture. 

The term helical swirl is used herein to describe gas movement in the combustion 
chamber wherein the gas rotates around the periphery with an axial inclination away from 
the transfer orifice means in a screw thread fashion. Such movement has a capability to 
stratify mixture near the spark ignition means. 

The term stratification is used herein to describe gas movements which promote a non- 
homogeneous blending of fuel and air within the combustion chamber so that a spark 
ignitable mixture ends up near the spark ignition means when the piston is at or near the 
end of the compression stroke and air or lean mixtures end up elsewhere within the 
combustion chamber. 

Preferably the spark ignition means is a spark plug situated at or near the far end of the 
combustion chamber the end furthest from the piston and the transfer orifice means; 

Preferably the fuel injection means communicating with the combustion chamber points a 
spray of fuel directly into the jet of airflow emerging from the transfer orifice means into 
the combustion chamber during the compression stroke and the fuel spray cone is chosen 
to allow all the fuel to be absorbed within the said air jet. 

Preferably the fuel spray cone is shaped to allow as much fuel as possible to pass cleanly 
through the transfer orifice means during the induction stroke of the piston. 

Preferably the management means provides control of the quantity and of the timing of 
fuel delivery to take place during the compression stroke of the piston and when 
necessary ensures the delivery of fuel quantity by controlling both the duration of 
injection and/or the pressure of the fuel supply to the fuel injection means 



CLAIMS 



An internal combustion engine comprising; 
a piston reciprocating in a cylinder; 
air inlet means communicating with the cylinder; 
exhaust means communicating with the cylinder; 

an indirect combustion chamber communicating with the cylinder comprising a near 
end and a far end in relation to the piston; 

transfer orifice means communicating with the cylinder and the combustion chamber 
at its near end; 

spark ignition means communicating with the combustion chamber; 

fuel injection means communicating with the combustion chamber; 

management means to control the fuel injection and spark ignition processes; 

characterised in that during the compression stroke of the piston the transfer orifice 
means is adapted to deliver a jet of gas into the combustion chamber having 
capability to entrain and vaporise fuel injected into it by the fuel injection means and 
in that the said jet of gas promotes movement within the combustion chamber with 
capability to stratify ignitable air fuel mixture to location adjacent to the spark 
ignition means and also in that during the induction stroke of the piston the fuel 
injection means and transfer orifice means are adapted to enable the said fuel 
injection means to deliver fuel into the cylinder through the said transfer orifice 



means. 



2. 



An engine according to claim 1 wherein the said fuel injection means is situated 
to deliver fuel directly towards the said jet of air along an axis coincident or 
parallel with the axis of the said jet. 



3. An engine according to claim 1 , wherein the gas movement within the 
combustion chamber is helical swirl motion around the periphery of the said 
chamber in the axial direction away from the transfer orifice means having the 
capability to stratify ignitable air fuel mixtures. 

4. An engine according to any of the preceding claims wherein the said spark 
ignition means is situated at the said far end of the said combustion chamber. 

5. An engine according to any of claims 1 to 3 included, wherein the said spark 
ignition means is situated at a distance from the said far end of the said 
combustion chamber. 

6. An engine according to any of the preceding claims wherein the said spark 
ignition means is situated at the said periphery of the said combustion chamber. 

7. An engine according to any of the preceding claims wherein the said combustion 

chamber is symmetrical along its longitudinal axis and with a circular cross 
section at any point along this axis. 

8. An engine according to any of the preceding claims wherein the said combustion 
chamber is situated with its longitudinal axis not parallel with the direction of the 
axis of the engine's said cylinder. 

9. An engine according to any of the preceding claims operating on the four-stroke 
cycle. 

10. An engine according to any of claims 1 to 8 included, operating on the two- 
stroke cycle 



ABSTRACT 



INTERNAL COMBUSTION ENGINE. 



A lean-burn engine, in two or four stroke forms. It uses an indirect combustion chamber 
and a transfer orifice aligned to produce a jet of gas during the compression stroke 
moving in a flow pattern within the chamber capable to stratify ignitable air fuel mixtures 
near the spark plug. Fuel injection into the combustion chamber is aimed directly into the 
jet of air as it enters the combustion chamber ensuring that a spark ignitable mixture is 
formed when the fuel and air are blended during injection. Air continues to enter the 
chamber afterwards but does not fully mix with the mixture formed earlier. Spark ignition 
and combustion are possible at part load even when a proportion of the chamber contains 
air without any fuel. At high loads additional fuel can be injected directly into the 
cylinder during the induction stroke by activating the same fuel injector earlier. 
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This invention is an improvement to patent applications (GB) 0329289.3 filed on 17 th 
December 2003 as well as patent applications (GB) 0326916.4 (19 th November 2003), 
(GB) 0328471.8 (9 th December 2003) and (GB) 0329989.8 (24 th December 2003). 

This invention seeks to improve on these previous applications by specifying an 
improved location for the spark ignition means. 

Recent experiments have shown that the velocity of the gas jet transferred into the 
combustion chamber during the compression stroke through the transfer orifice 
reaches its highest values towards the end of the compression stroke. 



means 



Preferably, for this reason, when an engine according to this invention which is 
designed to promote stratification in the combustion chamber, operates at low load 
conditions the injection of fuel into the gas jet, by the fuel injection means, is 
preferably timed to terminate towards the end of the compression stroke. This will 
ensure that some fuel will enter the combustion chamber to form a spark ignitable 
mixture even at low engine speeds, for instance when idling. 

In order to ignite this mixture, which was formed late in the compression stroke, the 
spark ignition means is best situated at the combustion chamber's near end, the end 
that is nearest to the transfer orifice means. Such a position will also allow reliable 
ignition over a full range of the engine's operating conditions. 

This invention effectively uses the helical swirl flow, generated by the transfer orifice 
means as explained in the previous patent applications mentioned above, to enable 
unthrottled part load engine operation by placing air without fuel at the far end of the 
combustion chamber and an ignitable mixture at the near end of the chamber where 
the spark plug is situated. 

This improvement is illustrated in Figure- 1. 

At low load operations, during the compression stroke, piston 1 will deliver a jet of air 
40. into the combustion chamber 6 through the transfer orifice means 7. The jet is 



directed to move in a helical swirl motion towards the far end 10 of the combustion 
chamber. The fuel injector 1 1 will start injecting fuel in the latter part of the 
compression stroke and will finish the injection shortly before the end of the 
compression stroke. During this period the velocity of the jet of gas entering the 
combustion chamber will reach its highest levels and the fuel will be picked up by the 
jet and vaporised. 

During the earlier part of the compression stroke air without fuel will enter the 
combustion chamber and be swirling in helical swirl motion movement directed 
towards the far end 10 of the combustion chamber. The mixture entering at the latter 
part of the compression stroke will be stratified at the near end 8 of the combustion 
chamber where the spark plug-9 is situated. This will enable the ignition of a small 
quantity of fuel possibly without the need to throttle the air intake to the engine. 

When the engine operates at higher loads fuel injection may start earlier in the 
compression stroke or even during the induction stroke, when the fuel spray 17 will 
enter cylinder 2 through orifice 7, but it should preferably end towards the end of the 
compression stroke to ensure a spark ignitable mixture near the spark plug. 

The spark ignition means-9 is shown in Figure- 1 to be situated at the near end 8 of the 
combustion chamber but it could also be situated to advantage at a distance from the 
near end on the periphery 22 of the combustion chamber's wall. 

Figure-2 illustrates an application of this invention to one embodiment of the familiar 
two-stroke engine when modified to take advantage of the improvement according to 
this invention. 

Air enters the crankcase through inlet port-3 provided with a non-return valve 30 
during the compression stroke of piston- 1. The air intake is not throttled and is not 
mixed with any fuel. When the transfer port 3 1 is uncovered by the piston near the 
end of its subsequent expansion stroke the air is transferred into cylinder-2 and is 
deflected into a loop scavenge flow direction by the projection 33 situated on the 
piston. When the piston covers the exhaust port-4 during the early part of its 
compression stroke, the fuel injector -1 1 can start injecting fuel into the cylinder 



through the transfer orifice means -7 avoiding any possibility of fuel escaping out 
through the exhaust port 4. Preferably fuel injection is terminated near the end of the 
compression stroke to ensure a spark ignitable mixture in the vicinity of the spark 
plug -9. At low load and idling conditions fuel injection can take place only at the end 
of the compression stroke when the gas velocity through the transfer orifice means is 
at near maximum. The helical swirl flow stratifies the spark ignitable mixture formed 
during the injection period to remain in the vicinity of the spark plug 9. The spark 
plug is shown situated on the near end 8 of the combustion chamber but it could also 
be placed on the periphery 22 if this is found to be a place nearer the stratified spark 
ignitable mixture. 

When a piston projection is used as a deflector, as shown in Figure-2 and in order to 
minimise the clearance volume above the piston, the flameplate-5 has a cavity-34 
with a similar geometry to that of the piston projection. 

A two-stroke engine constructed according to this invention will have an efficient fuel 
preparation system and a stratified charge capability that may allow operation over the 
full range of power without the need to throttle the air intake. It ensures that no fuel is 
ever blown out of the exhaust port and allows sufficient time for fuel injection at full 
load even when operating at high engine speeds. 





FIG. 2 



